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differential scanning calorimeterThis study presents the evaluation of an emergent co-product generatedduring the production of jaboticaba juice
by steamdrag: the jaboticaba pomace. A comparison of physicochemical, technological andmorphological prop-
erties of the jaboticaba powders obtained from the pomace, from the whole fruit and from the peel was per-
formed. All the powder samples underwent the same processing: freeze-drying, milling and sieving. The
powders appeared reddish, with an average diameter of approximately 64.83–103.51 μm and pH values of
3.45–3.74, water activity of 0.3133–0.3270, water holding capacity of 2.63–4.28 g H2O/g and oil holding capacity
of 2.79–2.98 g oil/g. Differential scanning calorimetry analysis showed that the endothermic peak temperature
was 158.9–164.4 °C. Proximate composition analysis showed a large amount of total dietary ﬁbre and insoluble
dietary ﬁbre in jaboticaba pomace (20.54 and 16.42 g/100 g, respectively), while jaboticaba peel had a good
amount of soluble dietary ﬁbre (10.72 g/100 g). Jaboticaba pomace had a large quantity of phenolic compounds
(43.39 mg GAE/g d.w.), especially monomeric anthocyanin (3.92 mg cyanidin-3-glucoside/g d.w.), compared to
the whole fruit. Jaboticaba pomace is valuable due to its high phenolic content (2.5 times higher than the whole
fruit) and total dietary ﬁbre content (2.2 times higher than thewhole fruit). The results obtained in this study re-
inforce the idea that this co-product could be re-used in the development of functional ingredients and show that
the industrialisation of these materials is one possible alternative for food diversiﬁcation. Pomace powder could
be added to many types of foods, such as cereals, snacks, drink mixes, and breads, or could be used for pharma-
ceuticals, such as slow-release antioxidants in packaging ﬁlms.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Fruits contain interesting plant material that can be eaten unpro-
cessed or processed. In Brazil, a wide range of fruits from tropical and
subtropical areas exists, andmany of these fruits are produced and con-
sumed in local markets and are rarely exported, often because of their
perishability and the lack of knowledge of their sensory properties
and nutritional value. Jaboticaba (Myrciaria cauliﬂora) is a highly perish-
able fruit native to Brazil that has not been thoroughly researched for its
utility in processed products. To our knowledge, this is the ﬁrst work
that characterises jaboticaba pomace.
Jaboticaba belongs to theMyrtacea family and is classiﬁed botanical-
ly asMyrciaria spp. It is also called the Brazilian Grape Tree, Jabuticaba,
Jabotica, Guaperu, Guapuru, Hivapuru, Sabará and Ybapuru. Among
currently known species, Myrciaria cauliﬂora andMyrciaria jaboticaba
produce fruit that is suitable for both industrial processing and fresh55 4934440106.
ail.com (P.D. Gurak).consumption (Donadio, 2000; Mattos, 1983). Although it is native to
Brazil, the genus Myrciaria can also be found in other countries such
as Argentina, Paraguay, Bolivia and countries in Central America.
Jaboticaba is a non-climacteric fruit, characterised as a juicy spheri-
cal berry, and its chemical composition plays a key role in the quality
criteria of the fruit. Its peel is black, thin, and fragile, with a white pulp
that is slightly acidic and sweet, has an astringent ﬂavour, and is
rich in phenolic compounds (Alezandro, Dubé, Desjardins, Lajolo, &
Genovese, 2013; Wu, Long, & Kennelly, 2013). The plants produce
fruits with great potential for both fresh consumption and industrial
processing, such as in the manufacturing of juices, jams, and fermented
and distilled liquors (e.g., “aguardente”). Although each variety of jabo-
ticaba has a slightly different composition,water, carbohydrates (mainly
glucose and fructose), and ﬁbre are its major macro components, while
vitamins, ﬂavonoids, and minerals are its major micro components
(Alezandro, Dubé, et al., 2013; Wu et al., 2013).
Recent research has shown that some jaboticaba demonstrate
anti-mutagenic and anti-proliferative properties, the ability to scav-
enge free radicals, the capacity to increase the antioxidant potential
787P.D. Gurak et al. / Food Research International 62 (2014) 786–792of blood plasma, and the ability to increase high-density lipoprotein
(HDL) cholesterol, improve insulin resistance, and control oxidative
stress in pathological conditions, indicating that it may be able to assist
in disease prevention (Alezandro, Granato, & Genovese, 2013; Leite
et al., 2011; Leite-Legatti et al., 2012; Lenquiste, Batista, Marineli,
Dragano, & Maróstica, 2012; Wu et al., 2013). Furthermore, during
juice processing, co-products, such as peels, seeds and a portion of the
pulp, are discarded and are not subsequently used for other productive
purposes. Juice production on a laboratory scale yields approximately
60% of the total weight of the fruit; therefore, better use of these co-
products may add more value to the raw material. The co-products
are not added to the ﬁnal product even though they contain most
of the fruit’s nutrients and bioactive compounds (Alezandro, Dubé,
et al., 2013; Boari Lima, Duarte Corrêa, Carvalho Alves, Patto Abreu, &
Dantas-Barros, 2008).
Thus, it is necessary to study jaboticaba pomace to identify alter-
natives for processing and reusing the co-products that are formed,
overcoming environmental issues, and adding value to these co-
products. The objective of this work was to determine the physico-
chemical, functional, and morphological properties of the powder
obtained from the pomace of jaboticaba juice and to compare it
with the peel and whole fruit as a potential additive to be used by
the food and pharmaceutical industries.
2. Material and Methods
2.1. Plant material
Mature Jaboticaba fruits of the varietyMyrciaria cauliﬂora (Mart.) O.
Berg were directly obtained in the region of Concórdia, Santa Catarina,
Brazil (latitude 27°13' 59.9" S and longitude 52°1'0.1" W). These trees
were chosen based on their history of production of fruit with desirable
sensory characteristics for fresh consumption. The point of ripening for
harvest was established by the natural fruit, which loosens from the
bunch. The fruits used had an average diameter of 2.8 cmandan average
weight of 12 g and were composed of 32% peel and 68% pulp and seeds.
The fruits were washed and divided into three parts (~20 kg). One part
(~2.5 kg) was used to characterise the whole fruit (JWF), another part
(~2.5 kg) was separated manually to obtain the peel (JPE), and the re-
maining fruits (~15 kg) were used for the production of jaboticaba
juice by heat extraction to obtain jaboticaba pomace (JPO). In the pro-
cess of juice production, the fruits were heated at 60–80 °C for 40 min
and then pressed. The extraction process resulted in a yield of 60 ±
2% of the weight of the fruit used. The use of heat had a positive effect
on the extraction of phenolic compounds present in the fruit peel,
which is similar to the process of the production of grape juice
(Frankel, Bosanek, Meyer, Silliman, & Kirk, 1998). The JWF, JPE and
JPO were triturated in a domestic blender (according to the manufac-
turer’s instructions) and freeze dried (−48 °C for 72 h without the ad-
dition of any chemical preservatives. After, the dried samples were
homogenised, sieved (100 mesh with openings of 0.150 mm/μm) and
stored in sealed plastic bags at −40 °C. Fig. 1 represents a ﬂowchart
of the process used to obtain the samples.
2.2. Physicochemical analyses
The powders (JWF, JPE, JPO) were analysed by AOAC methods
(AOAC, 2006) with respect to the following physical and chemical
parameters: moisture, ash, protein, and lipid content. Moisture
(g/100 g) was determined by drying at 105 °C to a constant weight.
Ash (g/100 g) was created by heating in an oven at 600 °C for 6 h.
Protein (g/100 g) was analysed according to the Kjeldahl method.
Lipids (g/100) were calculated by weight loss after a 6-cycle extrac-
tion with petroleum ether in a Soxhlet apparatus. Total dietary ﬁbre
(TDF) and insoluble dietary ﬁbre (IDF) were determined by AOAC
methods (AOAC, 2006) and expressed as g/100 g. Soluble dietaryﬁbre (SDF) was calculated by subtracting the IDF proportion from the
TDF. Total carbohydrate was calculated by difference, rather than
analysed directly. This is referred to as total carbohydrate by difference
and is calculated by the following formula: 100 − (weight in grams
[protein + fat + water + ash] in 100 g of food). It should be clear
that carbohydrate estimated in this way includes ﬁbre. Moreover, the
available carbohydrate was also calculated by difference; the amount
of dietary ﬁbre is analysed and subtracted from total carbohydrate,
thus: 100− (weight in grams [protein + fat + water + ash + dietary
ﬁbre] in 100 g of food).
The pH values were obtained by using a digital pH meter (Quimis
Q400M, São Paulo, Brazil); total acidity values were determined by
titration with 0.1 N sodium hydroxide and expressed as g/100 g of
citric acid (AOAC, 2006). Water activity (aw) was measured at
25 °C in a Thermoconstanter Electric Hygrometer (Aqualab 3TE,
Decagon, Pullman, WA, USA).
2.2.1. Polyphenol analyses
Extractable polyphenols (EPP) were thoroughly extracted from
powders (0.1 g) by ﬁve sequential extractions with 10 mL of metha-
nol/water solution (80:20, v/v) and another ﬁve sequential extrac-
tions with 10 mL of acetone/water (70:30, v/v) using agitation for
extraction at room temperature (22 ± 2 °C). The supernatants
were combined and brought to 100 mL with distilled water. The
total phenolic content (TPC) of the EPP was determined by the
Folin-Ciocalteau method as described by (Singleton & Rossi, 1965)
and expressed as mg GAE/g (gallic acid equivalents); ﬂavan-3-ols
were determined according to Arnous, Makris, and Kefalas (2001)
and Poudel, Tamura, Kataoka, and Mochioka (2008) and expressed
as mg EPC/g (epicatechin). Flavonoids were measured according to
Zhishen, Mengcheng, and Jianming (1999) and expressed as mg
EPC/g. Condensed tannins or proanthocyanidins were determined
using the vanillin assay (Burns, 1971) and expressed as mg EPC/g.
Total anthocyanins (TA) were determined as described in Francis
(1982); samples were homogenised with a solution of HCl (1.5 N) and
85% ethanol for the extraction procedure. After resting overnight,
the extracts were ﬁltered and read with a spectrophotometer
(Shimadzu® Model UV-Vis 1800) (λ= 535 nm). Monomeric antho-
cyanins (MA) were determined using the differential pH method of
Lee, Durst, and Wrolstad (2005) by measuring the absorbance of di-
luted samples in a potassium chloride buffer pH 1.0 and a sodium
carbonate buffer pH 4.5 at 520 and 700 nm. The units for the quanti-
ﬁcation of TA and MA were mg C3G/g (cyanidin 3-glucoside). All
polyphenols are expressed as a dry weight (d.w.).
2.3. Technological properties
Thewater holding capacity (WHC),water solubility index (WSI) and
oil holding capacity (OHC) were determined per g of H2O and/or oil/g
following the methodology described by Guillon and Champ (2000),
Robertson et al. (2000) and Tosh and Yada (2010). Colour was quanti-
ﬁed through CIELAB parameters (L*, a* and b*) obtained by a colorime-
ter (Minolta, model CR 400, Konica Minolta Sensing, Japan) with a D65
light source using an observation angle of 10o. In the CIELAB colour
space CIE (1978), the colour coordinates a* and b* and a psychometric
index of lightness L* are deﬁned. Additionally, values of C*ab (chroma),
calculated according to Eq. (1), and hab (hue angle) (Eq. (2))were calcu-
lated according to Heredia, Álvarez, González-Miret, and Ramírez
(2004).
Cab ¼ að Þ2 þ bð Þ2
h i1=2 ð1Þ
hab ¼ arctan b  =að Þ whenþ a  and þ b  quadrant Ið Þ ð2Þ
whole juice
tritured milling
Jaboticaba fruit
whole fruit (JWF) pomace  (JPO)peel (JPE)
whole fruit (JWF) pomace  (JPO)peel (JPE)
liophilized sieved
Fig. 1. Simpliﬁed ﬂowchart of the process used to obtain jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powdered form.
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Particle size analysis was performed using a CILAS laser diffraction
analyser,model 1180. The powderswere dispersed inwater usingultra-
sound for 60 s. The size distribution was quantiﬁed as the relative vol-
ume of particles in size bands presented as size distribution curves.
The particle-size analyses included the speciﬁc surface area, largest par-
ticle size (D90), mean particle volume (D50), smallest particle size (D10)
and mean particle diameter.
Morphological observations of the powders were performed by
scanning electron microscopy (SEM). The powder samples were
placed on stubs using 1 cm diameter double-sided carbon tape
wire without special treatment. Subsequently, the samples were
examined at different scales of approximation in a TM3000 table-
top scanning electron microscope (Hitachi High-Technologies Cor-
poration, Tokyo, Japan) at 15 kV accelerating voltage. The image ac-
quisition was performed by TM300 Microscope software, version
02-01(Hitachi High-Tech, Tokyo, Japan). Additionally the coating
process for the deposition of metal ions of gold, palladium or plati-
num, among others was not necessary to be done in the utilized
equipment.
The thermal and thermodynamic properties of powders were evalu-
ated using a Differential Scanning Calorimeter (DSC Q20; TA Instru-
ment, New Castle, PA, USA) calibrated with indium. The range studied
was 10–220 °C with a heating rate of 10 °C.min−1. The samples were
weighed (6–10 mg) in an aluminium DSC pan that was sealed and
analysed.2.5. Statistical analysis
All analyses were performed with repetitions, and the results are
expressed as the mean ± standard deviation (SD). The results were
submitted to the analysis of variance (ANOVA) and the means were
compared by the Tukey's test using the Origin® 8 software. A P value
b 0.05 was considered signiﬁcant.
3. Results and Discussion
3.1. Physicochemical property determination
Fresh edible fruits have a wide variety of so-called classic nutrients,
such as carbohydrates, salts, minerals, amino acids, and vitamins, and
although some of these are present in low concentrations in a given
fruit, they may have signiﬁcant impact on human health (Wu et al.,
2013). The nutritional composition of JWF, JPE and JPO is shown in
Table 1. It is important to emphasize that all the samples have been sub-
jected to the same processing: milling, lyophilisation, homogenised,
grinder and sieve. The amount of soluble solids and total acidity of all
samples were signiﬁcantly different among the samples (p b 0.05). In
regard to the moisture content, it is important to note that before
performing the freeze-drying process, the JWF, JPE and JPO samples
had moistures of 83.0 ± 0.9, 85.5 ± 0.3 and 86.0 ± 0.5%, respectively
(not shown in the table). The freeze-drying process was conducted for
72 h to remove the free water present. Because water is themajor com-
ponent in most foods, the physicochemical properties of water have a
Table 1
Chemical and physical analysis of jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powdered form. These values are expressed on a wet basis.
whole fruit (JWF) jaboticaba peel (JPE) jaboticaba pomace (JPO)
moisture (g/100 g)◊ 18.1 ± 0.5a 15.2 ± 0.1b 11.5 ± 0.2c
ash (g/100 g)◊ 2.95 ± 0.10a 3.15 ± 0.12a 2.38 ± 0.04b
soluble solids (°Brix)◊ 8.1 ± 0.1a 6.6 ± 0.3b 5.0 ± 0.3c
protein (g/100 g)◊ 0.78 ± 0c 0.97 ± 0.01b 1.26 ± 0.04a
lipid (g/100 g)◊ 0.53 ± 0.17a 0.83 ± 0.08a 0.63 ± 0.02a
total dietary ﬁbre (TDF) (g/100 g)◊ 9.26 ± 0.03c 17.25 ± 0.27b 20.54 ± 0.22a
total carbohydrate□ 77.64 79.85 84.23
available carbohydrate□ 68.38 62.60 63.69
insoluble dietary ﬁbre (IDF) (g/100 g)◊ 6.47 ± 0.00b 6.53 ± 0.97b 16.42 ± 1.08a
soluble dietary ﬁbre (SDF) (g/100 g)◊ 2.79 ± 0.02c 10.72 ± 0.70a 4.12 ± 0.86b
total acidity (g citric acid/100 g)◊ 14.7 ± 0.4c 26.8 ± 0.2a 15.7 ± 0.4b
water activity◊ 0.3270 ± 0.0010a 0.3177 ± 0.0012b 0.3133 ± 0.0015c
pH◊ 3.64 ± 0.03 3.45 ± 0.01 3.74 ± 0.06
a,b,cThe means within a line followed by different superscripts are signiﬁcantly different at p b 0.05 by Tukey’s test.
◊ The mean of three replicates.
□ calculated by difference.
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processing and storage and even affect the sensory properties of foods.
aw has been shown to correlate quite well with the stability of foods
in terms of chemical reactions and microbial growth. The aw of the
powders ranged from 0.3270 to 0.3133 and was statistically different
(p b 0.05).
pH is an important parameter to evaluate, particularly because it
inﬂuences the content of anthocyanins present in the samples. West
and Mauer (2013) evaluated anthocyanins highly puriﬁed and semi-
puriﬁed obtained from black rice, purple corn, and grape pomace;
the authors found that in liquids the stability was inversely related
to the augment of pH and temperature, while for powders, stability
was inversely related to increasing moisture. In the present work,
the acidity of the JPE was higher than both JWF and JPO samples. As
expected, the pH of JPE was lower than the JWF. JPE had a pH of
3.45 and contained 26.8 g of citric acid/100 g, while JWF had a pH
of 3.64 and contained 14.7 g of citric acid/100 g. JPO had pH of 3.74
and has 15.7 g of citric acid/100 g. These pH values were lower
than those of other ﬁbrous fruits, such as orange dietary ﬁbre
(4.06) or lemon albedo (3.96) (Garau, Simal, Rosselló, & Femenia,
2007; Lario et al., 2004).
The ash values were similar to the values reported in the literature
for samples of Brazilian jaboticaba, and the ash values of JPO were
different from those of JWF and JPE (p b 0.05). Alezandro, Dubé,
et al. (2013) and Alezandro, Granato, et al. (2013) reported ash
values of 2.3%–5.20% in two species of jaboticaba produced in
Brazil. In the study of Lima, Corrêa, Dantas-Barros, Nelson, and
Amorim (2011) and Alezandro, Dubé, et al. (2013), potassium was
the mineral element that presented the highest levels, primarily in
the skin fraction and the whole fruit.
The proximate composition analyses showed a higher protein
content in the JPO sample (p b 0.05) compared to the other samples.
Alezandro, Dubé, et al. (2013) analysed two species of jaboticaba in
the ripe stage and found protein values between 0.9% and 2.1%.
These values are similar to the protein content in the JPE sample.
The lipid content presented values that were not statically different
among the samples. The average lipid content found by Alezandro,
Dubé, et al. (2013) was 0.5% for whole fruit, while the JWF had a
value of 0.53%, and JPO had 0.63%. Insoluble dietary ﬁbre (IDF) values
represent c.a. 80% of the total dietary ﬁbre (TDF) for JPO. The TDF and
IDF were higher in JPO when compared with the two other samples
(p b 0.05). JPE presented the highest amount of SDF and was signiﬁ-
cantly different (p b 0.05) from JPE and JWF; for the JPE sample, SDF
represented c.a. 60% the amount of ﬁbre, most likely due to the
absence of seeds. The ingestion of IDF causes a sensation of satiety
because it absorbs water and increases the bolus size. Moreover, it
may cause pronounced effects on intestinal regulation and stoolvolume, which are related to the consumption of insoluble ﬁbre
(Schneeman, 1999).
Powders rich in dietary ﬁbre obtained from fruits and vegetables
can be used as functional ingredients because they provide numer-
ous health beneﬁts, such as their ability to decrease cholesterol
levels, improve glucose tolerance and the insulin response, reduce
hyperlipidaemia and hypertension, and contribute to gastrointesti-
nal health and the prevention of certain cancers such as colon cancer
(Viuda-Martos et al., 2012). Dietary ﬁbres from JPO can be consid-
ered potential ingredients for many types of food and can increase
the nutritional value of different foods, including breakfast cereals,
bakery products, dairy products, and pet foods and can also be used
in pharmaceutical products as well as a slow-release antioxidants
in packaging ﬁlms.
3.2. Polyphenol analysis
Phenolic content can be used as an important indicator of antioxi-
dant capacity as well as a preliminary screen for any product that is
intended to be used as a natural source of antioxidants in functional
foods (Viuda-Martos et al., 2011). The polyphenol analysis of JWF, JPE
and JPO is presented in Table 2. The phenolic content (determined by
the Folin-Ciocalteau method) varied from 16.92 (JWF) to 43.39 mg/g
GAE d.w. (JPO). The analyses of different classes of phenolic compounds
showed higher values of ﬂavonoids, ﬂavan-3-ols and condensed tan-
nins for JPO compared with JPE and JWF. Anthocyanin analysis (total
and monomeric anthocyanin) showed that JPO and JEP had similar
values but were greater than that of JWF. This result occurs due the ex-
traction method, including the heating and pressing of jaboticaba for
juice production, which signiﬁcantly affects the phenolic composition
of the pomace. Heat and pressing during production jaboticaba juice in-
crease the overall content of total polyphenols in the juice because heat
treatment might produce changes in their extractability due to the
disruption of the plant cell wall. As a result, the bound polyphenol com-
pounds may be released more easily. Also, heat treatment could deacti-
vate endogenous oxidative enzymes.
In the analysis of condensed tannins, the difference between JPO and
JWF was 6.8-fold, and there was a 3.4-fold and 3.8-fold difference in
total and monomeric anthocyanin, respectively. Leite-Legatti et al.
(2012) separated the fruit prior to extraction and found that the dark-
coloured dry peel contained several times more anthocyanins (approx-
imately 4.5–7.8-fold) than the whole fruit values reported in previous
studies (Wu, Dastmalchi, Long, & Kennelly, 2012; Wu et al., 2013). The
levels of tannins reported in jaboticaba are signiﬁcantly higher than
those of other Myrtaceae fruits, such as cambuci, guava, camu-camu,
surinam cherry, and grumixama (Abe, Lajolo, & Genovese, 2012); there-
fore, jaboticaba is also a promising source of ellagic acid derivatives in
Table 2
Polyphenol analysis of jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powdered form.
whole fruit (JWF) jaboticaba peel (JPE) jaboticaba pomace (JPO)
total phenolic content (TPC) (mg GAE/g d.w.)◊ 16.92 ± 0.09c 30.24 ± 1.37b 43.39 ± 4.45a
ﬂavan-3-ols (mg EPC/g d.w.)◊ 5.04 ± 0.45c 9.81 ± 1.10b 18.47 ± 1.16a
ﬂavonoids (mg EPC/g d.w.)◊ 2.89 ± 0.07c 5.02 ± 0.18b 6.23 ± 0.30a
condensed tannins (mg EPC/g d.w.)◊ 9.68 ± 2.42c 55.59 ± 9.80b 65.64 ± 4.66a
total anthocyanins (mg C3G/g d.w.)◊ 1.66 ± 0.22b 5.06 ± 0.28a 5.73 ± 0.71a
monomeric anthocyanin (mg C3G/g d.w.)◊ 1.05 ± 0.05b 3.58 ± 0.45a 3.92 ± 0.51a
a,b,cThe means within a line or column followed by different superscripts are signiﬁcantly different at p b 0.05 by Tukey’s test.
◊ The mean of three replicates, d.w. dry weight.
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ellagic acid derivatives (Wu et al., 2012, 2013). Both the quantity and
type of phenolic compounds may be different among the analysed
parts of the fruit (seed, peel and pulp) and, also, the type of extraction
performed (such as solvent polarity, pH, extraction time and tempera-
ture, and, even, using emerging techniques like as pulsed electric ﬁeld
and ultrasound). The methodology used in this study was presented
in materials and methods and was conducted until the exhaustive
extraction.
Additionally, the results for condensed tannins may not show
accurate values because anthocyanins, present in samples absorb
light at the same wavelength as proanthocyanidins. Thus, the assess-
ment of ﬂavan-3-ols (DMAC method) seems to be more appropriate
since proanthocyanidins are quantiﬁed at a different wavelength
(640 nm) (Alezandro, Granato, et al., 2013). The mechanism of ac-
tion of the DMAC reagent has not yet been completely understood,
although it seems to react with compounds with free hydroxyl groups
at meta position and a 2, 3 single bond in the C ring (Alezandro,
Granato, et al., 2013; Prior et al., 2010). JPO had 3.6-fold more ﬂavan-
3-ols compared with JWF and 1.9-fold more ﬂavan-3-ols compared
with JPE. Moreover, this method has a large advantage over the widely
used vanillin method because there is no interference by anthocyanins
(Arnous et al., 2001).
According to Santos, Veggi, andMeireles (2010) andWu et al. (2012,
2013), delphinidin-3-O-glucoside and cyanidin-3-O-glucoside are the
twomajor anthocyanins reported in jaboticaba fruits, whichwas further
conﬁrmed with TLC and LC-TOF-MS. Thus, the beneﬁcial effects of in-
take of anthocyanins will be dependent on the variety of the jaboticaba
and the type of product consumed; products made from the bark and
seeds have higher amounts of bioactive compounds.
During the production of jaboticaba juice, the co-product generated
represents 40% of the whole fruit; since this pomace is not reprocessed,
the production of a powder could be reliable for the applications as
additives, particularly due to its colour and ﬂavour, impacting on
sensory characteristics. An increasingly important application for
the powder of vegetable by-products and co-products is the enrich-
ment of the ﬁbre content of gluten-free food products. Beyond the
use as dyes, thickeners, and stabilisers in powder form, the effective
functional properties of jaboticaba in preventing diseases has beenTable 3
Technological properties and colour parameters of jaboticaba fruit, jaboticaba peel and jabotica
whole fruit (JWF)
water holding capacity (g H2O/g)◊ 2.63 ± 0.10c
water solubility index (%)◊ 83.24 ± 1.83a
oil holding capacity (g oil/g)◊ 2.79 ± 0.10a
L*□ 33.22 ± 0.06a
a*□ 29.22 ± 0.04b
b*□ 6.12 ± 0.01c
C*ab□ 29.86 ± 0.04c
hab□ 0.21 ± 0c
a,b,cThe means within a line followed by different superscripts are signiﬁcantly different at p b
◊ The mean of ﬁve replicates.
□ The mean of three replicates.supported by epidemiological evidence and corroborated by several
in vitro and in vivo studies (Abe et al., 2012; Alezandro, Dubé, et al.,
2013; Alezandro, Granato, et al., 2013; Leite et al., 2011; Leite-Legatti
et al., 2012; Lenquiste et al., 2012;West &Mauer, 2013). In this context,
an evaluation of the technological properties of these powders is
relevant.
3.3. Technological properties
The visual appearances of the three powders are shown in Fig. 1,
and Table 3 shows the colour parameters (L*, a*, b*, Cab* and hab) and
technological properties (the results are discussed later). All of the
powders were located in the 2nd quadrant of the CIELAB a*b* plane
(values of a* ranging from 27.69 to 31.65 and values of b* ranging
from 6.12 to 7.75); therefore, they were classiﬁed as reddish. The dif-
ference in lightness (L*) among the samples was statistically signiﬁcant
(p b 0.05), aswere the differences in chroma (Cab*) values and hue angle
(hab) (p b 0.05). C*ab and hab are parameters used to quantify and qualify
the colour, respectively. A value of hab equal to 0° corresponds to red (a*),
90° to yellow (b*), 180° to green (−a*) and 270° to blue (−b*). Because
the powders were reddish, the values C*ab were similar to those de-
scribed for a*. The colour properties of JPO samples suggest their suitabil-
ity as an ingredient in a large variety of food products, especially in pasta,
breads, desserts, biscuits and dairy products.
According to Rosell, Santos, and Collar (2009), the water holding
capacity (WHC) is deﬁned as the amount of water retained by the
sample without being subjected to any stress; the water binding ca-
pacity is the term used for the water absorption index (WAI) or the
amount of water retained by the ﬁbre after it has been subjected to
centrifugation. Different acronyms and small changes in protocol
are found in the literature in the determination of the hydration
properties of powders. The smallest WHC value was found for JWF
(2.63 g H2O/g), while JPO showed a 1.6 times greater capacity for ab-
sorption (4.28 g H2O/g). JPO exhibited similar values to other ﬁbrous
residues, such as pomegranate juice arils bagasse (4.5 g H2O/g) and
pomegranate juice whole fruit bagasse (4.9 g H2O/g) (Martínez et al.,
2012). However, other co-products had higher values of WHC, such as
mango dietary ﬁbre concentrates (6.4 g H2O/g), passion fruit dietary
ﬁbre concentrates (13.5 g H2O/g), and albedo obtained from passionba pomace in powdered form.
jaboticaba peel (JPE) jaboticaba pomace (JPO)
3.81 ± 0.17b 4.28 ± 0.14a
79.28 ± 0.46b 57.91 ± 0.77c
2.98 ± 0.05a 2.87 ± 0.07a
32.02 ± 0.03b 29.58 ± 0.25c
27.69 ± 0.03c 31.65 ± 0.29a
7.47 ± 0.02b 7.75 ± 0.06a
28.68 ± 0.03b 32.58 ± 0.29a
0.26 ± 0a 0.24 ± 0b
0.05 by Tukey’s test.
Fig. 2. Scanning electron micrographs of jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powdered form.
791P.D. Gurak et al. / Food Research International 62 (2014) 786–792fruit co-products (13.0 g H2O/g) (López-Vargas, Fernández-López,
Pérez-Álvarez, & Viuda-Martos, 2013; Martínez et al., 2012).
The samples with the highest water solubility index (WSI) were not
the samples with the highest values of WHC. The largest WSI was ob-
served for JWF (83%), followed by JPE (79%) and JPO (58%), suggesting
that water is strongly bound to these powders. The ability of powders
to retain oil can be important in food applications, for example, in pow-
ders that are subjected to extrusion. As with hydration, terms such as
fat/oil-holding capacity and fat/oil-binding capacity are used inter-
changeably, although the methods vary (Tosh & Yada, 2010). The pow-
ders had similar values (2.79–2.98 g oil/g). This demonstrates that JPO
could be used in the production of anthocyanin-enriched snacks, for
example. Viuda-Martos et al. (2012) observed similar OHC values for
samples from pomegranate juice arils bagasse and pomegranate juice
whole fruit bagasse (5.9 g oil/g).Moreover, the technological properties
of plant ﬁbre depend on the particle size, structure of the plant polysac-
charides, vegetable source, and production conditions of the powder
(may be subjected to acidic or basic conditions).
3.4. Particle size distribution, microstructure, and thermal analysis
Fig. 2 shows scanning electron micrographs of the powders with
different magniﬁcations. Analysis of these ﬁgures clearly indicates
that all powders were similar with respect to microstructure, parti-
cle size, and irregular shape. The surfaces of the powders presented
irregular shapes and sizes, likely as a result of the milling process.
These morphological characteristics can be further used to optimise
their technological properties.
Table 4 presents the results of diameter of particles corresponding to
10%, 50% and 90% of the cumulative distribution of the powders. ParticleTable 4
Particle size characteristics of jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powde
whole fruit (JWF)
diameter (μm) CV (10%) 6.17
diameter (μm) CV (50%) 55.67
diameter (μm) CV (90%) 136.22
average diameter (μm) 64.83
CV, cumulative values.size is an important concept in powders; Zhang and Moore (1997),
studying wheat bran, classiﬁed the mean particle sizes as coarse, medi-
um and ﬁne for the bran sample diameters of 609, 415 and 278 μm, re-
spectively. According to this classiﬁcation, all powders studied in the
present work can be considered ﬁne, with average particle diameters
between 64.83 and 103.51 μm. The particle size, morphology, humidity
and hygroscopic nature of the powder have a large inﬂuence on the
properties of powder. For instance, small particles cling together more
strongly than large particles; therefore, ﬁner powders are more likely
to agglomerate. This may be desirable or undesirable depending on
the product application by the food industry.
Thermal stability is an important determinant of techological prop-
erties. This is because structural parameters that inﬂuence functionality
are chemically altered during the application of heat. The thermal and
thermodynamic properties of the samples were obtained using DSC
and are shown in Table 5. For all samples, only one endotherm peak is
observed, which is associated with the melting point. Comparing the
initial and ﬁnal melting temperatures (To and Tf) of the three powders,
it can be observed that there are no signiﬁcant differences among the
samples analysed (p N 0.05). This is likely because the carbohydrate
content of the three powders is similar.
4. Conclusions
This study presented a comparative analysis of the physicochemical,
technological and morphological properties of three powders obtained
from jaboticaba whole fruit (JWF), peel (JPE) and pomace (JPO) obtain-
ed during juice extraction. Proximate composition analysis showed that
JPO was rich in total dietary ﬁbre and insoluble dietary ﬁbre, while JPE
had a large amount of soluble dietary ﬁbre. The JPO had a large quantityred form.
jaboticaba peel (JPE) jaboticaba pomace (JPO)
13.86 11.72
73.92 68.85
195.68 248.95
95.69 103.51
Table 5
Thermal and thermodynamic properties of jaboticaba fruit, jaboticaba peel and jaboticaba pomace in powdered form.
To (°C) Tp (°C) Tc (°C) ΔHg (J.g−1)
whole fruit (JWF)◊ 147.1 ± 14.0a 164.4 ± 14.3a 192.7 ± 8.6a 90.2 ± 12.3a
jaboticaba peel (JPE)□ 145.5 ± 0.6a 158.9 ± 4.9a 183.7 ± 3.5a 85.9 ± 9.63a
jaboticaba pomace (JPO)□ 147.5 ± 20.3a 162.4 ± 18.1a 187.1 ± 14.3a 66.6 ± 15.6a
a,b,cThe values followed by the same letter in the same column are not signiﬁcantly different (p N 0.05) according to Tukey’s test.
To: onset temperature.
Tp: endothermic peak temperature.
Tc: conclusion temperature.
ΔHg: enthalpy.
◊ The mean of four replicates.
□ The mean of three replicates.
792 P.D. Gurak et al. / Food Research International 62 (2014) 786–792of phenolic compounds, especially monomeric anthocyanin, compared
to JWF. Colour analysis showed that the powders are reddish. The
water holding capacitywas different for each sample, while the oil hold-
ing capacity was similar, with values in the range of 2.87–2.98 g oil/g.
Differential scanning calorimetry also showed similar results for each
sample, with the endothermic peak temperature between 158.9 and
164.4 °C. Based on these results, it can be stated that pomace from jabo-
ticaba juice production is an emerging co-product and may be consid-
ered a potential functional ingredient and a source of bioactive
compounds that can act as a natural dye powder and increase the ﬁbre
content in many processed foods.
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